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BCER R A-FRFE-B-H B T HRES-D6(3) . LATHFEN LR LBRITHALA Y 3 0 B 7= K111k 80%. L&Y 3 7= fh4s
4 4l FIRUR 6 28 = B AR IR I3 (NMR ) | = A0 A (3% (HPLC) FUBTHE (MS) RAER & , - 5E-p-H &L T
FR45-D6 BIAL 21 RE M 98.68% , TR Z F-BE R 99.86% D(JHT4380) , Y955 T 98%, Al g4l 2t Rl &
b, T TF 2 37 09 [R5 24 B R s A I 8 v -2 - B- AP 3 T RS 1 5 &, 10 P A BT 1 B- 5 3 -B- AL T 1R
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Synthesis of New Isotope Internal Standard Calcium
f-Hydroxy-f-methylbutyrate-D6 by Aldol Reaction

X .
GUO Hui, CHEN Wulian
(Anpel Laboratory Technologies(Shanghai) Inc., Shanghai 201600, China)

Abstract: Calcium S-hydroxy-f-methylbutyrate has been widely used as a food additive. It is important
to develop isotope dilution mass spectrometry in order to accurately detect the content of this additive in
various complex food matrices. The isotope internal standard is the necessary reference material for the
method. Based on this background, the synthesis method of a new isotope internal standard, calcium
[S-hydroxy-f-methylbutyrate-D6(1), was investigated. The acetone-D6 was the source of the isotope
deuterium. First, acetone-D6 and ethyl acetate undergo an Aldol reaction to form pf-hydroxy-S-
methylbutyrate ethyl ester-D6. Then through ester hydrolysis reaction to form p-hydroxy-f-
methylbutyric acid-D6(2). Finally, calcium pg-hydroxy-#-methylbutyrate-D6(3) was prepared by p-
hydroxy-f-methylbutyric acid-D6 and calcium oxide. The yields of deuterium-labeled calcium p-
hydroxy-f-methylbutyrate-D6 was 80% based on acetone-D6 consumed. The structure, chemical purity
and deuterium isotopic enrichment of the product were identified by NMR, HPLC and MS to be the target
compound. The chemical purity of calcium pS-hydroxy-f-methylbutyrate-D6 was 98.68%, and the
deuterium isotopic enrichment was 99.86 % D(atom fraction). The chemical purity and deuterium isotopic
enrichment were higher than 98%. It can provide an isotope internal standard for the detection industry to
develop new isotope dilution mass spectrometry for the determination of calcium S-hydroxy-f-methylbutyrate
content in food and establish a new detection standard for calcium S-hydroxy-f-methylbutyrate.
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DUEF 7S5

CaHMB J VZ W TP fdt it | B 7 i B 454 T
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DL PR 5V 2 1R 2 R 48 B b 1.2 ) T T i 7R
LR T, Rl 4 A5 20 mbRic i) HMB, {H & 22
JEESIDS R UL 2 W R o 5 N K < ARRE 3
T —FpF H] Aldol & i HMB 75 . AP
2.1 16 R sk}, Jeii ad Aldol 2 i JE i, HMB-
LB ARG K AS S HMB., R 3E 4 bR i
B, .02 T, BRI AT A5 2 bR id i HMB. 3%
J5 15 T B AN T AR 2 iR AR SR N 2
A BUTARIC HMB BB S 3E %8
FERfE A T R R W 75 R F b g 9
WRTAMC LR e o IR T2 2%
PSRRI IC IR . R, B 28 22 LA S i -D6
YE MR UG R | ARRE R RR, BE ML 4
& Aldol [z 1531 B-F2 3 -p-H 3L TR . li5-D6
(1), SR )5 BE K fift 13 2 p- 72 2k - p- HIE T R -D 6
(HMB-D6, 2), )i AV AL 85 ik i i -5 5 - 8-
AT RRE5-D6(3) , 5 UK Z AN & 1 R .

1 SLIEERS

1.1 A LKA

400 MHz B 4R A (75 E Bruker A H],
D,0 FE I, DSS AMNAR); Vanquish B AH-TSQ
Quantis — 5 PO AT B 3% 5K A (3€ E Thermo
Fisher 23] ) ; LC-20A B &3 Al (i A ( H AR
HA ] WO €3 T 3% 4l Athena C18-WP
AW AR TSR . 250.0 mmx4.6 mm, 5 yum); TRACE
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Figure 1 The synthetic route of compound 3
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~78 C N, FH S48 I AR = B SE hef 356 frg i
(LiHMDS), 1.0 mol-L™' THF ¥ (10.0 mL,
10.0 mmol) , FH: 4482835 1 N £ /2 .18 (1.0 mL,
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S N A -D6 (1.0 mL, 12.0 mmol) , Ji% /i
SEMIGTE-T8 C PHHER N 1 h, RIVET RS 7R
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AHIE P R IR S ARV R4 1 IR, A AILA R JEK
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A IR 2SR AR, DR 7S R BRI A
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180.74(—CO—), 69.70(—COH), 49.21
(—CH,—), 26.52~27.55(hept, —CD;) ; MS(ESI)
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F1  Aldol I 4 AL
Table 1 Optimization of Aldol reaction conditions
Entry NEA-D6/eq. t#/h tL/h  T/C  FEFR/M%

1 1.0 1 1 -78 90.6
2 1.0 1 1 -40 85.2
3 1.0 1 1 0 62.4
4 1.0 1 1 25 50.8
5 1.0 0.5 0.5 -78 42.4
6 1.0 0.5 1 78 46.5
7 1.0 1 0.5 -78 76.9
8 1.0 1 1 -78 90.6
9 1.0 1 1.5 -78 90.7
10 1.0 1 1 -78 90.6
11 1.1 1 1 -78 92.7
12 1.2 1 1 78 95.1
13 1.3 1 1 78 95.0
14 1.4 1 1 78 95.1

YRR R Y EORHR Y 1.2 eq i, 2R
INBI R ARSI IR | X 7 AR B A A 5
(Entries 10~14). ZE& VI BG5S Lk 5500 LR
ZTE(1.0 eq.) 1 LIHMDS(1.0 eq.)#E-78 °C F
M1 h, EINANE-D6(1.2 eq.) #k4:E-78 °C T
N1 h, L 95.1% BB R 69 1.

22 A ih3 gL AL
XA AR B AW 3 43 BliEAT T A

CaHMB FrufE it i X0 b, AR IESS 4. CaHMB
LAY 3 (1H NMR F1'°C NMR X Fe i 4351
e 2~3 fifn . MK 2 "H NMR X i R el LR
AR 1.26(s, 6H ) Ak B H LM IS 04 T8 %
F I EE R A T L 3R 6 A AT TR
M 3 °C NMR X i T LA A2 07 5% 28
Qb Ay R T itk P R AT >4 FH R A 4 AR ST
Jei MR 2ni+ 1 L), F 3L 1 ik A IR AT 1 25 284 0y
L, [ A TR T AN A NOE 84, ir
PLiZ-E EIEAE S 555, ik 3 iR R K TR,
TES 26.52~27.55 AW BIf5 S8 55 -E Elg . AR
T Ay S AN B T B L U IR S 3 RS R Sk
CaHMB-D6, % LC-MS/MS ¥l , CaHMB Ffb&
P13 (1) MS(ESI) X LG [ iniEl 4 fos . 767 855
BT, CaHMB 53 1B g [M-1/2Ca-H ] =
117.09, /654 3 53 BTN [M-1/2Ca-H ] =
123.12, i A2 6, E—E L A9 3 NS5 H R
CaHMB-D6 , LLTHFE 1 [F 2 JFRH N R -D6 1145
CaHMB-D6 [HUCEIL ] 80%., 2% Sk 4R iE i1
JEF OISR A 3 A 5 o ok
13.78% , FIHEAE 13.99% FHAF -

2.3 444 369 HPLC 4 547

WAk 2 F . 3% A Athena C18-WP
(250.0 mm*4.6 mm, 5 pm), FE1HH A4 0.05 mol-L™!
IR — S BRI LB R B MR (B IR — 281« 2

T LRI | S RS B SR AR, I AT =95:5, V: V), HBERERIE T pH{EH 3.0, FF
CaHMB l
3 I
SA.O 7‘.5 71.0 6-.5 Gt() 5A.5 5i0 4l.5 4?0 3A.5 3?0 2‘.5 Zi() lA.5 li() 01.5 0:0
5

B2 CaHMB F{LAY) 3 H9'H NMR %

Figure 2

'H NMR spectra of CaHMB and compound 3
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i FH IR S AR, JERE A 10 L, K254 DAD
(210 nm) , #3654 35 °C, Fii% N 1.0 mL-min", i
IH—Ak A5 2046 A% 3 1) HPLC 4154 98.68%.

24 A3 AR E F ESHT

A 3 IR A 28 3= B2 R FH 1) 2 BT ™
WHEATIAE . T4 561E LC-MS/MS [ it SCAN £
IS AN & 4 B 1) 4335 18] i 2 a4
EAY 3 MERE TR 123559, R 57
MRM # T AG 2 52 % 123559, 12259,
12159, 120—59, 119—59, 118—59, 117—59
# BT (A, Di), 38 = 0 e % 1
CaHMB-D6, CaHMB-D5, CaHMB-D4, CaHMB-D3,
CaHMB-D2, CaHMB-D1, CaHMB-DO fi{jilé i fH
BT B SR FE 5 43 BUNE LU C R ik — K
MLRE | 19—4k155] D6~DO0 & A WA E FFEH
I3 ORI (%) BRI 2 fim o

&2 AW IHIRIAALRFE

Table 2 Deuterium isotopic enrichment of compound 3

FATHE 1 FATHE 2
A(Di) Ril% A(Di) Ril%
DO 0 0.00 0 0.00
D1 0 0.00 0 0.00
D2 0 0.00 0 0.00
D3 0 0.00 0 0.00
D4 0 0.00 0 0.00
D5 163286 0.84 169732 0.88
D6 19298819 99.16 19103824  99.12
L&Y 3
ﬁﬁégiEMD 99.86

W ARIHER B EY) 3 BRI R
4 99.86% D, A BN E-D6 /451 R 47 & 3= B
(99.90% D) AH L, & WG FR A 0 B R4 22 = B
AR RIS

3 #ig

AR SCHAE T — PR B[R] 47 R N AR B-FR - -
H L T RES-D6 (3) M B BT i, AN ER-D6 AL i
JECRERIRI 2R IR, B JE Ml R LR & = Aldol 2
NS B Y 1, 985 8 i ER K R N AR B A
2, fJa RV ARG R A5 3. @ Ak G
HLYR Aldol UV A1, BEIZ LA 80% MY A~ %445

#| CaHMB-D6. % & 7 2 [ 2 5RO BE &)
15, A BT R B, A5 v AR Y Je T 4l Ak R n] B
BT T —2 & i e, A2l B FR
o7 2 BEIITE 98% LA I AN LRk B
) {37 2% = i ) Sl A R B 42, 36 [ o7 3% P b ) i
FHEER AT LIAE A R 2 AR, 5 BG4 Tl T &
I8 [) 57 28 R T T v AT P CaHMIB 1 55
1, DL E BT CaHMB Al bR ik
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